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REMARKS 

Applicants respectfully request reconsideration. Claims 46-71 were previously pending 
in this application with claims 46, 53, 59, and 65 being independent claims. No amendments 
have been made and no new matter has been added. 

Applicants acknowledge the courtesies extended by Examiner Peilegrino during a 
telephone discussion with the undersigned attorney on March 30, 2007. The substance of the 
discussion is summarized in the remarks set forth below. 

Applicants respectfully traverse each of the rejections presented in the Office Action of 
December 19, 2006 for reasons similar to those set forth in their prior responses of September 
19, 2006, May 21, 2004 and December 23, 2003 and the declaration of Stephan N. Eldridge 
(hereafter the "Eldridge Declaration") submitted therewith, which are incorporated herein by 
reference. 

Rejections Under 35 U.S.C. § 102 

Rejections in View of Mulhauser 

Claims 46, 47, 50, 54-56, 59-62, 65-68 and 71 stand rejected under 35 U.S.C. §102(b) as 
purportedly being anticipated by Mulhauser (U.S. patent No. 5,695,525). The Examiner 
contends that Mulhauser discloses (Figs. 4a, 4b) a surgical repair material comprising a fabric 
34, a barrier layer 36 and an edge barrier 32. The Examiner further contends that Mulhauser 
illustrates (Figs. 2a, 2b, 3h) a frame structure located at the edge to form an edge barrier. 
Applicants respectfully traverse these rejections. 

As previously pointed out, Mulhauser 6 525 is a family member of Mulhauser 4 246 (US 
5,766,246) which was previously applied during prosecution of the claims and over which the 
claims were found to be patentable. Applicants respectfully assert that the claims patentably 
distinguish over Mulhauser '525 for at least the same reasons set forth in the prior responses. 

Independent claims 46, 59 and 65 recite, inter alia, a prosthesis or repair fabric with an 
edge barrier that inhibits the formation of adhesions with tissue or organs thereto, wherein the 
edge barrier isolates or covers at least a portion of the edge of the fabric. 

Mulhauser is directed to an implantable prosthesis 10, 30 having a mesh layer 12, 34 and 
a semi-rigid frame or ring 14, 32 supporting the mesh layer. (Mulhauser '525, Col. 3, lines 42- 
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53; col. 5, lines 24-29). In the embodiment shown in Figs. 4a-4b, the fabric extends outwardly 
beyond the frame or ring 32 such that the frame 32 does not cover or isolate a portion of the 
fabric edge. Consequently, the frame 32 is not an edge barrier as recited in the claims for at least 
this reason. 

In the Office Action, the Examiner contends that: 

the support frame 32 clearly isolates a portion of the edge or covers 
a portion of the edge since the claims do not set forth what an edge 
is defined as. (Office Action, page 4). 

The Examiner further contends that: 

Since the claims do not set forth any special definition of "edge" it 
can be construed that since Mulhauser' s frame is at the outer 
periphery of the fabric it is covering or isolating the edge. (Office 
Action, page 4.). 

Applicants respectfully asserts that one of ordinary skill in the art would readily 
understand the term "edge" to be a narrow surface extending between the major surfaces of the 
fabric based on the plain meaning of "edge" and further in view of the specification which is 
consistent with the plain meaning of the term. Additionally, the claims recite that the fabric 
includes opposing first and second sides and an edge extending between the first and second 
sides. Therefore, one of ordinary skill in the art would understand the meaning of "edge" as set 
forth in the claims and further recognize that the frame 32 shown in Figs. 4a-4b of Mulhauser 
does not cover or isolate a portion of the fabric edge. 

Nevertheless, as indicated in the Office Action, Mulhauser does disclose a prosthesis 
(Figs. 2) which includes a frame that covers the edge of the mesh fabric. As shown in Figs. 2 
and 3(h), the frame may be configured to extend over the mesh layer at both the peripheral edge 
of the mesh layer and the surface margin of the mesh layer adjacent the peripheral edge. 
However, as explained previously, Mulhauser does not teach or suggest that the frame 14, 32 has 
any type of adhesion inhibiting properties. 

In the Office Action, the Examiner contends that the claimed physical properties are 
purportedly present in the prior art material (edge barrier) to some extent even though they are 
not explicitly recited. (Office Action, page 2). Based on this contention, the Examiner attempts 
to shift the burden to Applicants to show that the frame does not have adhesion resistant 
properties. (Office Action, pages 2-3). However, as indicated previously, this is not the proper 
test for establishing a rejection based on inherency. Rather, the burden lies with the Patent 
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Office to provide rationale or evidence that the Mulhauser frame inherently possesses the 
claimed adhesion resistant properties. 

As explained in MPEP §2 1 1 2(IV): 

The fact that a certain result or characteristic may occur or be 
present in the prior art is not sufficient to establish inherency of 
that result or characteristic. Citing In re Rijckaert, 9 F.3d 1531, 
1534, 28 USPQ2d 1955, 1957 (Fed. Cir. 1993) (emphasis in 
original). 

To establish inherency, the extrinsic evidence 'must make clear 
that the missing descriptive matter is necessarily present in the 
thing described in the reference, and that it would be so recognized 
by persons of ordinary skill. Inherency, however, may not be 
established by probabilities or possibilities. The mere fact that a 
certain thing may result from a given set of circumstances is not 
sufficient.' Citing In re Robertson, 169 F.3d 743, 745, 49 USPQ2d 
1949, 1950-51 (Fed. Cir. 1999). 

In an apparent attempt to provide a rationale or evidence to establish that the Mulhauser 
frame is inherently adhesion resistant, the Examiner contends that the frame is solid or rigid to 
provide support to the fabric and thus would inhibit adhesions from forming. (Office Action, 
page 3). Thus, it appears that the Examiner contends that a solid or rigid frame is inherently 
adhesion resistant. Applicants respectfully disagree. 

As discussed previously and again indicated during the telephonic discussion, Applicants 
previously submitted a declaration to show that the Mulhauser frame does not inherently possess 
adhesion resistant properties. (See Eldridge Declaration). Silicone or polypropylene materials, 
which Mulhauser discloses may be employed for the ring or frame, do not inherently or 
necessarily inhibit adhesions. The adhesion resistant properties of a soft tissue repair prosthesis 
are affected by various factors such as the surface texture and pore size of the material that forms 
the prosthesis or portions of the prosthesis. (See Eldridge Declaration, paragraph 9). Thus, a 
prosthesis may be either resistant to the formation of adhesions or promote tissue ingrowth and 
adhesions depending upon the particular structural characteristics of its material. (See Eldridge 
Declaration, paragraph 9). For example, a prosthetic material, including silicone, having a 
surface texture or porosity of approximately 10(im or more is susceptible to adhesions with tissue 
or muscle. (See Eldridge Declaration, paragraph 9). 
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Applicant encloses several references (Woodward, "The Tissue Response to Implants and 
Its Evaluation by Light Microscopy" and Boyers, "Reduction of postoperative pelvic adhesions 
in the rabbit with Gore-Tex surgical membrane") describing the surface texture and porosity 
characteristics of an implantable material as these characteristics relate to the adhesion resistance 
of the material. The Woodward reference (page 370, right column) discloses that surface 
irregularities as small as 10- 15 jam result in the development of giant cells as the principal 
cellular interface between the host and non-reactive implant. Thus, Woodward indicates that a 
material with surface irregularities of approximately 10|im or more is susceptible to adhesions 
with tissue or muscle. The Boyers reference discloses that an implant manufactured with a 
relatively large pore size encourages tissue attachment and the infiltration of fibers into its 
microstructure, while an implant having an average pore size less than or equal to 1 |im 
minimizes cellular penetration and tissue attachment. (Boyers, page 1069, left column). 

Mulhauser provides no teaching or suggestion as to any structural characteristics of the 
frame that would determine its adhesion resistant properties. The surface texture and porosity of 
a silicone frame (as well as a molded polypropylene frame) can vary depending on the specific 
design parameters of the mold used to form the frame. (See Eldridge Declaration, paragraph 10). 
Therefore, a molded silicone frame can promote tissue ingrowth and adhesions with tissue and 
muscle. (See Eldridge Declaration, paragraph 10). Thus, although the Mulhauser frame may be 
molded from a silicone material, this does not necessarily provide a frame that inhibits adhesions 
to tissue and muscle, such that one of ordinary skill in the art would not consider the Mulhauser 
frame, even if formed of silicone material, as necessarily being resistant to tissue ingrowth and 
adhesions to tissue and muscle. (See Eldridge Declaration, paragraph 10). 

In the Office Action, the Examiner stated that: 

In response to applicant's argument that both Meier and Mulhauser 
fail to show certain features of applicant's invention, it is noted 
that the features upon which applicant relies (i.e., porosity less than 
10(im) are not recited in the rejected claim(s). However, it should 
be noted that this limitation is not supported by the disclosure and 
thus the Examiner is entitled to give terms in a claim its plain 
meaning as interpreted by one of skill in the art. It is noted that the 
specification must clearly set forth the definition explicitly and 
with reasonable clarity, deliberateness, and precision. 
Exemplification is not an explicit definition. Even explicit 
definitions can be subject to varying interpretations. . . Since the 
disclosure fails to define any special porosity for the edge barrier, 
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it can be said that since both Meier's and Mulhauser' s edge 
barriers are solid materials and not an open structure they clearly 
can prevent adhesions. (Office Action, pages 4-5). 

As explained during the telephonic discussion, Applicant is relying upon the limitation 
that the edge barrier "inhibits the formation of adhesions with sensitive tissue and organs 
thereto." As discussed above and set forth in the Eldridge Declaration, one of ordinary skill in 
the art understands and would interpret this limitation as requiring the edge barrier to have 
particular characteristics, including porosity and surface texture characteristics, which render the 
barrier adhesion resistant. As discussed with the Examiner, Mulhauser fails to disclose any 
particular structural characteristics for the frame, such as surface texture or porosity, that would 
enable one of ordinary skill in the art to conclude that the Mulhauser frame inherently inhibits 
the formation of adhesions thereto. 

As also explained during the telephonic discussion, the specification clearly supports the 
claim limitation that the peripheral barrier inhibits the formation of adhesions thereto. Further, 
this feature is enabled by the specification which discloses several examples of materials that are 
adhesion resistant. 

As indicated above, the Examiner contends that the Mulhauser frame is solid or rigid to 
provide support to the fabric and thus would inhibit adhesions from forming. Applicant 
respectfully asserts that nowhere does Mulhauser state that the frame is solid, although several 
cross-sectional views of the frame would appear to suggest that the frame is of a generally solid, 
as opposed to a hollow, construction. Nevertheless, as set forth in the Eldridge Declaration, 
nothing in the figures provide any indication that the frame is adhesion resistant. (See Eldridge 
Declaration, paragraph 11). As indicated above, the adhesion resistance of a material implanted 
in a body depends on the structural characteristics of the material, including surface texture and 
porosity of the material, and that tissue ingrowth can occur when the surface texture or porosity 
is approximately 10|im or more. (See Eldridge Declaration, paragraph 11). This amount of 
surface texture and porosity is microscopic and undetectable with the naked eye. (See Eldridge 
Declaration, paragraph 1 1). Thus, simply because the drawings in Mulhauser do not illustrate a 
rough surface or large pores, the drawings do not indicate that the frame is resistant to tissue 
ingrowth or adhesions. (See Eldridge Declaration, paragraph 11). 

Moreover, a solid structure does not inherently possess adhesion resistant properties as 
such structures may still have a porosity and/or surface texture that allows tissue ingrowth and 
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adhesion thereto. For example, a solid bar of chocolate typically has pores that are readily 
visible to the naked eye. The Examiner has established no basis to support the contention that a 
"solid" or "rigid" material is inherently adhesion resistant. 

In view of the foregoing, claims 46, 59 and 65 patentably distinguish over Mulhauser, 
such that the rejections under §102 should be withdrawn. Mulhauser does not disclose an 
adhesion resistant edge barrier as recited in each of the claims. 

Claims 47 and 50, claims 60-62, and claims 66-68 and 71 respectively depend from 
claims 46, 59 and 65 and are patentable for at least the same reasons. It is unclear as to the basis 
for the rejection of claims 54-56 as they depend from claim 53 which has not been rejected in 
view of Mulhauser. Nevertheless, claim 53, which also recites an edge barrier, patentably 
distinguishes over Mulhauser for at least the same reasons as independent claims 46, 59 and 65, 
and claims 54-56 are patentable for at least the same reasons. Accordingly , withdrawal of these 
rejections is respectfully requested. 

Rejections in View of Meier 

Claims 53, 56, 65, 68 and 71 stand rejected under 35 U.S.C. § 1 02(b) as purportedly being 
anticipated by Meier (U.S. patent No. 3,416,524). The Examiner contends that Meier shows 
(Fig. 2) a surgical repair material comprising a fabric 15, a barrier layer 14 and an edge barrier 
12. Applicants respectfully traverse these rejections. 

As indicated above, independent claims 53 and 65 recite, inter alia, a prosthesis or repair 
fabric with an edge barrier that inhibits the formation of adhesions with tissue or organs thereto, 
wherein the edge barrier isolates or covers at least a portion of the edge of the fabric. 

Meier is directed to a non-adherent surgical dressing including a laminated pad 13 with a 
cellulosic layer 14 and a resin fiber layer 15 which are joined by needled resin fibers 16 using a 
needling and heat fusion process. The cellulosic layer has moisture absorption properties while 
the resin fiber layer has a porous surface which serves as the non-adherent contact surface for the 
wound and which permits free flow to moisture. The pad is surrounded by an edge frame or 
crown 12 which stabilizes the edges of the cellulosic layer and the resin fiber layer. 

As explained previously, Meier does not teach or suggest that the frame has any type of 
adhesion inhibiting properties. Rather, Meier discloses that frame provides freedom from 
fraying, loose fibers, delamination and the like by surrounding and stabilizing the edges of the 
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cellulosic layer and the resin fiber layer. (Col. 2, lines 51-56). Meier indicates that the frame 
may be fabricated from any of a variety of materials, such as an inert thermoplastic substance, 
which is sufficiently flexible for purposes of being applied with the pad to curved body surfaces 
and yet which affords sufficient rigidity to stabilize the pad and prevent delamination, etc. (Col. 
2, line 67 to Col. 3, line 2). 

As explained above in connection with Mulhauser and discussed with the Examiner, the 
adhesion resistant properties of a soft tissue repair prosthesis are affected by various factors 
including the surface texture and pore size of the material that forms the prosthesis or portions of 
the prosthesis. Thus, a prosthesis may be either resistant to the formation of adhesions or 
promote tissue ingrowth and adhesions depending upon the particular structural characteristics of 
its material. As discussed above, a prosthetic material having a surface texture or porosity of 
approximately I0\xm or more is not adhesion resistant, but rather is susceptible to adhesions with 
tissue or muscle. 

As explained previously, Meier provides no teaching or suggestion as to any structural 
characteristics of the frame that would allow one of ordinary skill in the art to determine its 
adhesion resistant properties. Although Meier discloses that the frame may be formed from any 
of various materials, Meier is silent as to the structural characteristics, such as surface texture 
and porosity, that affect its adhesion resistance, such that one of ordinary skill in the art would 
not consider the Meier frame as necessarily being resistant to tissue ingrowth and adhesions to 
tissue and muscle. Thus, Meier does not disclose an edge barrier that inherently inhibits the 
formation of adhesions with tissue and organs thereto. 

In view of the foregoing, claims 53 and 65 patentably distinguish over Meier, such that 
the rejections under §102 should be withdrawn. Meier fails to at least disclose an adhesion 
resistant edge barrier as recited in each of the claims. 

Claim 56 and claims 68-71 respectively depend from claims 53 and 65 and are patentable 
for at least the same reasons. 

Rejections Under 35 U.S.C. § 103 

Claims 48, 49, 51, 52, 57, 58, 63, 64, 69 and 70 stand rejected under 35 U.S.C. §103(a) as 
being unpatentable over Mulhauser '525 in view of Gianturco (US 5,258;000). Applicants 
respectfully traverse these rejections. 
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Without acceding to the propriety of the combination as suggested by the Examiner, 
claims 48, 49, 51 and 52 depend from claim 46 and are patentable for at least the same reasons 
set forth above. Similarly, claims 57 and 58 depend from claim 53 and are patentable for at least 
the same reasons set forth above; claims 63 and 64 depend from claim 59 and are patentable for 
at least the same reasons set forth above; and claims 69 and 70 depend from claim 65 and are 
patentable for at least the same reasons set forth above. Accordingly, withdrawal of these 
rejections is respectfully requested. 



In view of the foregoing remarks, this application should now be in condition for 
allowance. A notice to this effect is respectfully requested. If the Examiner believes, after this 
amendment, that the application is not in condition for allowance, the Examiner is requested to 
call the undersigned attorney at the telephone number listed below. 

If this response is not considered timely filed and if a request for an extension of time is 
otherwise absent, Applicants hereby request any necessary extension of time. If there is a fee 
occasioned by this response, including an extension fee, that is not covered by an enclosed 
check, please charge any deficiency to Deposit Account No. 23/2825. 



CONCLUSION 



Respectfully submitted, 



By: 




James M. Hanifin, Jr., Reg^o. 3@4l3 
WOLF, GREENFIELD & SACKS, P.C. 
600 Atlantic Avenue 
Boston, Massachusetts 02210-2211 
Telephone: (617) 720^3500 



Date: 

x04/19/2007x 
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Stephen C. Woodward and Thomas N. Salthouse 



CELLULAR RESPONSES TO IMPLANTED 
MATERIALS 

Overview: Inflammation and Repair 

The response to a biological implant is a 
specialized version of inflammation and re- 
pair, the mammalian reaction to local injury. 
This response to local injury is nonspecific. 
The implant may contribute to the inflamma- 
tory response or simply may be located 
within a site of inflammation caused by the 
implantation procedure itself. 1 

The testing of a new biomaterial in man, 
regardless of its proposed specialized use, 
usually follows the gross and microscopic 
examination of the response to the material 
implanted in test animals. The extent and 
duration of the acute and chronic inflamma- 
tory response evoked by subcutaneous or in- 
tramuscular implants anticipates the re- 
sponse to them in parenchymal organs or 
other specialized sites. 2 Furthermore, the ex- 
tent and duration of the inflammatory re- 



sponse are similar in rodent, dog, or rabbit to 
those found in primates, allowing accurate 
inferences to be obtained from responses in 
test animals as to the anticipated responses 
in man. 3 

The surgical process of introducing an 
implant itself incites an inflammatory re- 
sponse; hence, during the first 24 to 48 hr fol- 
lowing implantation, the implant will be seen 
within a field of acute inflammation, the 
result of the procedure itself. During this 
period, the cardinal signs of acute inflamma- 
tion: redness (the result of generalized local 
vascular dilatation), heat (the result of in- 
creased local blood flow), swelling (the result 
of increased local vascular permeability), 
andpain (the result of the local accumulation 
of chemical mediators or the result of in- 
creased tissue tension in a restricted space) 
will develop. Yet after 2-3 days, a persistent 
local inflammatory response to the implant, if 
such is present (as contrasted with the 
resolving, declining response to the proce- 
dure itself) can be distinguished. Because an 
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understanding of the source of inflammation 
(the procedure or the implant itself) is para- 
mount, the events characterizing inflamma- 
tion will be examined. The inflammatory re- 
sponse generally is reviewed in detail by 
Ryan and Majuo 4 and Hurley. 5 

The usual occurrence when a "nonabsorb- 
able" material is implanted consists of tran- 
sient acute inflammation (less than a week), 
followed by slowly developing encapsulation 
by fibrous connective tissue, with or without 
a giant cell response, requiring 1 month or 
longer to develop. The capsule surrounding 
an implant in species other than rodents is 
static and permanent. In rodents, by con- 
trast, such an implant capsule may become 
transformed into a sarcoma after 6 months, a 
fact to be reckoned with in long-term testing. 

Necrosis of Ceils and Tissues — The 
Trigger of Inflammation 

Necrosis, the death of cells and tissues, 
sets in motion a series of events aimed at 
leading to healing and restitution of function. 
Morphological changes in necrotic cells 
include shrinkage and intense staining of the 
nucleus (pyknosis), as well as fragmentation 
of the nucleus. Necrosis sets the inflamma- 
tory response in motion, permitting the 
removal by digestion of dead cells, as re- 
viewed by Golden. 6 Persistent or intensify- 
ing acute inflammation or the accumulation 
of necrotic inflammatory cells or necrosis of 
stromal cells, as contrasted with resolution 
of these events, suggests that the implant is 
releasing chemical products that are locally 
toxic (Figure 30- la). 

Mast Cells and Vascular Dilatation 

An initial, triggering event in inflammation 
is the degranulation of mast cells. Unlike 
granulocytes, mast cells are permanent resi- 
dents of perivascular connective tissue. As 
described by Levy, 7 these 15 granule- 
rich cells contain heparin (an anticoagulant), 
histamine [a potent agent increasing vascu- 
lar permeability and diapedesis (trans- 
vascular passage) of leukocytes], as well as 
serotonin (which is also vasoactive). Proper 
visualization of mast cells requires the use of 
metachromatic dyes; thus, mast cells are not 
apparent in usual histological sections. The 
degranulation of mast cells (Figure 30- lb) 



and other chemically mediated events lead to 
increased blood flow and vascular permeabil- 
ity at sites of inflammation. Increased vascu- 
lar permeability is followed by the local ac- 
cumulation of protein-rich edema fluid and 
migration of neutrophils and other inflamma- 
tory cells through the walls of venules. The 
blood and lymphatic vessels participate 
throughout the inflammatory response: The 
earliest events of inflammation consist of 
transient vascular constriction, followed by 
vascular dilatation, and increased blood 
flow. 

Vascular Responses in Inflammation 

Increased vascular permeability mediated 
by endogenous permeability factors results 
in increased viscosity of the blood as protein 
is lost to the extracellular space, with pro- 
gressive stasis of blood flow and the develop- 
ment of edema. Local cellular necrosis de- 
veloping at the same time is usually as- 
sociated with damage to nearby vascular en- 
dothelium within the capillary microvascula- 
ture. Extensive and prolonged leakage of red 
blood cells, fibrin, and other proteins accom- 
panied by thrombosis of the microvascula- 
ture results and is characteristic of necrotiz- 
ing inflammatory responses with accom- 
panying vascular injury. As the acute inflam- 
matory response subsides, dilatation of the 
preexisting vascular bed diminishes, and the 
development of a new capillary bed takes 
place. The newly forming capillaries are part 
of the granulation tissue that will repair the 
site of injury. 

Granulocytes and Acute Inflammation 

At any site of inflammation, polymorpho- 
nuclear leukocytes (neutrophils) predominate 
over other inflammatory cells. These bone 
marrow-derived cells are attracted by che- 
moattractants released locally by damaged 
cells or by the implant and migrate through 
the walls of venules (Figure 30- lc). Granu- 
locytes are the first defense against bacteria, 
being armed with peroxidases, lysozyme, 
and other proteolytic and hydrolytic en- 
zymes contained within granules. These 
same enzymes, when released by degranula- 
tion, contribute to the degradation of such 
materials as catgut and silk sutures. 8 

Remove the cause for a persistent acute 
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Figure 30-1 Necrosis and acute inflammation, (a) Degranulating mast cell. Mast cells are fragile, containing vascular 
mediators serotinin and histamine, as well as anticoagulant heparin. Their degranulation initiates the inflammatory re- 
sponse. Giemsa, x500, (b) Necrosis of tissue cells is the principal trigger of the inflammatory response. Pink, necrotic 
muscle cells at top were chemically killed by cyanoacrylate. Inflammatory response (bottom) is adjacent to necrotic 
muscle. Injury is 2 weeks old. Hematoxylin and eosin. x50, (c) Inflammatory cells are delivered to site of injury 
through permeable blood vessels, mostly postcapillary venules. Injury is 5 days old. Leukocytes marginate and escape 
through intercellular pores, migrating toward site of injury. Dilated vein on left, site of necrosis on right. Hematoxylin 
and eosin. XI27. 



inflammation, and neutrophils disappear 
from an inflammatory focus after 4-6 days. 
Under a variety of circumstances (e.g., infec- 
tion, degradation of biomaterials, or exten- 
sive necrosis of tissue due to other causes), 
persistent acute inflammation is found. As an 
example, marked neutrophil infiltration has 
been observed for weeks following sub- 
cutaneous deposition of methyl 2-cy- 
anocrylate. 9 The persistence of leukocytes 
at an implantation site requires investigation. 
The usual causes include infection and bio- 
degradation of the implant. Infection can be 
established as the cause by identifying mi- 
croorganisms utilizing tissue Gram stain, or 
other histological stains for microorganisms, 
or with greater sensitivity by culturing the 



implantation site. Biodegradation (or the 
release of materials being leached from the 
implant) can be inferred when the site is 
found to be sterile. Biodegradation can be es- 
tablished as the cause of persistent acute 
inflammation by measuring the excretion 
products of isotopically tagged polymeric 
implants. 10 The inflammatory properties of 
the degradation products can be determined 
if these degradation products can be chemi- 
cally isolated, characterized, and directly 
tested by implantation into animals or ex- 
posure to cell cultures. 

The cytological details of granulocytes are 
better visualized in a Wright-stained blood 
film than a histological section. In a blood 
film, neutrophils are easily distinguished 
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from eosinophils (less frequently observed 
granulocytes participating in allergic reac- 
tions, but are rarely observed in inflamma- 
tory responses in tissues) and basophils 
(circulating, low-frequency cells resembling 
mast cells in function). In tissue sections, ex- 
travascular neutrophils initially exhibit a 
characteristic trilobular nucleus resembling a 
three-leafed clover, a feature distinguishing 
them from the slightly larger monocyte. 
After degranulation, this characteristic nu- 
clear morphology is usually lost. 

The persistence of neutrophils in tissues 
implies their continued accumulation there, 
because of their 48-hr or shorter viability ex- 
tra vascularly. 11 The persistent and progres- 
sive accumulation of leukocytes, whatever 
the cause, leads to abscess formation, with 
leukocyte-mediated proteolytic digestion of 
local tissue structures and ultimate resolu- 
tion by drainage at the nearest accessible 
surface. 

Monocytes and Macrophages— Cells of 
Subacute Inflammation 

The morphology and functions of macro- 
phages are reviewed by Carr 12 and Vernon- 
Roberts. 13 A brief summary is provided here. 

Macrophages arrive at the site of an in- 
flammatory response somewhat more slowly 
than do neutrophils, but their persistence and 
phagocytosis promote organization (the 
transformation of an exudate into vascu- 
larized connective tissue) and lead to repair. 
More robust than neutrophils in resisting the 
acidic conditions resulting from degranula- 
tion of neutrophils, the macrophage is the ul- 
timate scavenger cell of the host. 

The mononuclear phagocytes or macro- 
phages, like the granulocytes, are of bone 
marrow origin, circulate in the blood as 
monocytes, and finally reside in the tissues 
as the tissue macrophage, also referred to as 
histiocyte. 

In the light microscope, macrophages gen- 
erally exhibit an ovoid or irregular shape, 
with plentiful cytoplasm and with an oval or 
kidney-shaped nucleus (Figure 30-2a-c). In 
electron microscopic preparations, projec- 
tions from the cell surface are often promi- 
nent. Fingerlike projections (pseudopodia) 
or platelike projections (lammelapodia) are 
characteristic of monocytes. With enzyme 



histochemical preparations, macrophages 
demonstrate much higher hydrolase activity 
than either the granulocytes or fibroblasts. 
Such activity is not observed with either 
lymphocytes or plasma cells. 

The enzyme activity of macrophages is 
contained within intracellular bodies termed 
lysosomes, manufactured and packaged by 
the Golgi zone of the cell. These enzymes 
play a major role in the prime function of the 
macrophage, enzymatic intracellular diges- 
tion following phagocytosis. Phagocytosis by 
this cell is generally accomplished by a pro- 
cess termed endocytosis, by which cellular 
debris or foreign material is brought into the 
cell. The cell membrane enfolds the particle 
and rejoins, internalizing the material. The 
vesicle containing the engulfed material gen- 
erally combines with an enzyme-containing 
digestion vesicle, the primary lysosome, to 
form the secondary lysosome. The hydro- 
lases within lysosomes will then in many 
cases degrade the ingested material. Other 
macrophages, called epithelioid cells, be- 
cause of their epitheliallike appearance, are 
seen in hypersensitivity reactions. Epithe- 
lioid cells probably are exclusively secre- 
tory, rather than phagocytic in function, 14 

Activated macrophages (macrophages 
prepared for or engaging in phagocytosis) 
will be observed at the surface of all im- 
planted biomaterials, but their numbers will 
be proportional to the toxicity of the implant 
material. With smooth-walled, nontoxic ma- 
terials, the macrophage population is never 
conspicuous, and by 2 weeks macrophages 
will be largely replaced by fibroblasts and 
later by a fibrous capsule. With implants hav- 
ing rough or irregular surfaces, macrophages 
will remain active at the interface for many 
months. Under these circumstances, macro- 
phages will undergo cell division, and a self- 
replicating population of macrophages will 
remain adjacent to the implant. 

Lymphocytes and Plasma Cells— Cells of 
Chronic Inflammation 

The role of plasma cells and lymphocytes 
is reviewed by Robbins and Cotran 2 and 
summarized here. Lymphocytes are round, 
5-10 fim cells derived both from the bone 
marrow and from lymph nodes. They are 
characteristically present at sites of chronic 
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Figure 30-2 Chronic inflammation and repair, (a) Left: acute response containing neutrophils and occasional 
macrophages and plasma cell. Implant below, 4 days. Hematoxylin an eosin. x]6. Right: transition from acute to 
chronic response. Implant at bottom left. A few neutrophils remain together with macrophages and an outer popula- 
tion of fibroblasts in the primary stage of capsule formation. Seven days postimplant. Hematoxylin and eosin. xl60; 
(b) Granulation tissue at 14 days. Capillaries and fibroblasts are oriented tangentially, but in an ordered array. 
Mononuclear cells, plasma cells and pink collagen fibers are visible. Hematoxylin and eosin x 250 (c) Multifilament 
sutures produce an encapsulated foreign-body response, 7-0 silk suture within rabbit muscle at 7 days. Zone of reac- 
tion contains neutrophils, macrophages, and fibroblasts. Suture filaments are being separated by reacting cells. Hema- 
toxylin and eosin. X35; (d) Typical chronic granulomatous response evoked by presence of cotton fibers in rat tissue 
at 3 weeks. Many multinucleated giant cells surround fibers. Activated macrophages are present, represented as the 
smaller cells between the giant cells. Hematoxylin and eosin. x 64. 



inflammation. Small numbers of lympho- 
cytes are always present at sites of resolving 
injury, and large collections of lymphocytes 
are characteristic of immunological injury. 

Plasma cells are produced from bone 
marrow-derived lymphocytes, and are about 
20 Jim in diameter. Their eccentric, cart- 
wheellike nuclei and intensely staining cy- 
toplasm identify them. Plasma cells are a 
principal source of immunoglobulins, which 
are secreted into sites of chronic injury. At 
sites of chronic inflammation, the numbers of 



plasma cells and lymphocytes is related to 
the underlying cause of the inflammation, 
and in conditions of chronic immunological 
injury, such as chronic infection or rheuma- 
toid arthritis, these cells predominate over 
other inflammatory cells. Implants having 
antigenic properties, such as amino acid 
polymers, may incite a response in which 
plasma cells and lymphocytes are prominent. 
These cells are also present at sites of persis- 
tent chronic inflammation in which granu- 
lomas develop, but the role of plasma cells 
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and lymphocytes in chronic inflammation in 
the absence of immunological injury is not 
understood. 

Giant Cells, Granulomas, and Chronic 
Inflammation 

In addition to macrophages, plasma cells, 
and lymphocytes, the chronic inflammatory 
response surrounding nonabsorbable materi- 
als contains foreign-body giant cells. Giant 
cells are formed at sites of chronic inflamma- 
tion from the fusion of monocytes, newly ar- 
riving from the blood, with aging macro- 
phages. 15 Giant cells are conspicuous at sites 
of granulomatous inflammation in chronic in- 
fections such as tuberculosis; the granuloma 
consisting of discrete, circumscribed collec- 
tions of macrophages and other chronic in- 
flammatory cells. A wide variety of agents 
evoke granulomatous inflammation, includ- 
ing most microorganisms causing delayed 
hypersensitivity. Other materials inciting the 
formation of granulomas include cotton 
fibers (Figure 30-2d), silica, talc, beryllium, 
and zirconium. 16 No unique role for giant 
cells in chronic inflammation is evident 
because their phagocytic function is less de- 
veloped than that of macrophages and their 
ability to secrete enzymes is similar to those 
of macrophages. Giant cells also represent 
the boundary between the host and many 
forms of implants, as will be described. 

Granulomatous inflammation heals by fi- 
brous scarring once the inciting cause either 
is eliminated or completely localized. A 
special modified form of granulomatous in- 
flammation represents the ultimate host re- 
sponse to nonabsorbable or slowly absorba- 
ble implants with irregular surfaces or mul- 
tiple filaments, such as braided sutures. This 
contrasts with the response to implants 
recognized by the host as smooth surfaced. 
When multifilament sutures or other sutures 
with rough surfaces are implanted, irrespec- 
tive of the site, large, often highly irregular 
foreign-body giant cells, on occasion con- 
taining 100 or more nuclei and measuring up 
to 200 ftm invest every surface irregularity 
and act as the boundary between the host 
and the implant. Both macrophagea and giant 
cells phagocytize polymer fragments and 
cellular debris. When the biomaterial cannot 
be degraded, this response is permanent, and 



turnover of cells is indolent. The local re- 
sponse just described is accompanied by the 
development of small blood vessels and the 
elaboration of collagen. 14 

Encapsulation and Organization — A 
Specialized Form of Wound Repair 

The Development of Granulation Tissue and 
the Secretion of Collagen. Beginning when 
acute inflammation subsides, granulation tis- 
sue forms at sites of injury or tissue implan- 
tation. Granulation tissue, a transient, spe- 
cialized organ of repair devoid of nerves, 
consists of capillaries, collagen-secreting 
fibroblasts, contractile fibroblasts (myofi- 
broblasts), and chronic inflammatory cells. 
Granulation tissue is the site of elaboration 
of reparative collagen, although collagen is 
also slowly formed in uninjured tissue. Open 
wound beds consist of granulation tissue, 
whose myofibroblasts impart considerable 
contractile force to the wound bed, forces as 
large as 3.2 x 10 4 dynes/cm 2 . 17 Rapid blood 
flow through granulation tissue provides a 
metabolic environment permitting fibro- 
blasts to proliferate and elaborate collagen. 
The extent of granulation tissue develop- 
ment adjacent to prosthetic implants relates 
to their size and surface characteristics, as 
well as their degree of chemical inertness. 18 
Large, rough-surfaced implants evoke exten- 
sive granulation tissue development and 
subsequent broad scars. 

Collagen formation within granulation tis- 
sue has been examined in skin wounds. In 
skin wounds, collagen elaboration takes 
place in three phases, a lag phase (lasting a 
few days, during which inflammation pre- 
dominates) and a log phase (lasting several 
weeks, during which the rapid secretion of 
collagen and the accretion of tensile strength 
parallel each other), followed by a lengthy 
phase of remodeling and maturation (during 
which collagen becomes internally and exter- 
nally cross-linked and insoluable). This 
sequence is greatly retarded when acute 
inflammation persists, such as when infec- 
tion supervenes or when the chemical break- 
down products of a biodegradable material 
cause persistent necrosis of tissues. 9 

Collagen is secreted at sites of repair by 
fibroblasts. At least ten immunologically dis- 
tinct collagens have been recognized, many 
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occurring only in small quantities at special- 
ized anatomical sites. In wound repair, two 
principal types of collagen predominate: type 
I, normally found in skin and tendon, and 
secreted by fibroblasts, and type III, a nor- 
mal constituent of the aorta, lung, and 
embryonal skin, and probably secreted at 
sites of repair by myofibroblasts. Collagen is 
a rigid triple helix containing glycine-rich, 
repeated amino acid triplets as -Gly-AA r 
AA 2) with the signal amino acids hydroxy- 
proline and hydroxy lysine in position AA 2 . 
The structure of collagen and the location 
and function of many types of collagen is 
reviewed by Prockop et ai 19 The oxidation 
of the amino acid sequence Gly-Pro-Pro to 
Gly-Pro-Hypro by prolyl hydroxylase (pro- 
tocollagen hydroxylase) provides a quantify- 
ing unique amino acid, hydroxyproline. Mea- 
sures of hydroxyproline and the enzyme 
prolyl hydroxylase permit quantitation of 
collagen formation at repair sites. 

Hydroxyproline formation is associated 
with formation and maturation of collagen; 
enzyme-mediated hydroxylysine formation 
is associated with the addition of carbohy- 
drates to linked collagen. 

The formation of collagen involves the 
cellular sequences common to proteins gen- 
erally utilizing the following: 

1. The ribosome: the site of a-chain syn- 
thesis and some hydroxylation 

2. Extraribosomal, intracytoplasmic hy- 
droxylation, triple helix formation, glycosila- 
tion, and secretion 

3. Extracellular (partly intracellular) re- 
moval of NH 2 and COOH terminal exten- 
sions, fiber formation, cross-linking (matura- 
tion) 

4. Extra- and intramolecular cross-link- 
ing, greatly increasing tensile strength and 
reducing solubility 

Collagen is partly degraded both intra- 
cellular^ and extracellularly in the pro- 
cess of secretion and aggregation, and se- 
creted collagen matures by forming intra- 
and interfibrillar cross-linkages to produce 
the insoluble final product. 

Light and electron microscopy are impre- 
cise in quantitative measurement of the 
amount of collagen at a repair site, or in es- 
timating the amount of collagen being elab- 
orated, even when special staining proce- 
dures are used. 20 By contrast, the collagen 



content of granulation tissue can be precisely 
determined by measuring its hydroxyproline 
content. 20 A sensitive measure of the chemi- 
cal toxicity of a polymeric implant is its abili- 
ty to inhibit local collagen formation. 20 

Long-Term Encapsulating Responses 

Inert Smooth-Surfaced Implants. Mate- 
rials that are chemically nonreactive, such 
as monofilament nylon sutures, coupons of 
stainless steel, silicon disks, or Teflon rods, 
are surrounded by circumferentially oriented 
fibroblasts within 2 weeks of implantation. 
The fibroblasts secrete collagen oriented par- 
allel to the implant's surface, and the ul- 
timate response contains only a few vessels, 
rare lymphocytes, and monocytes and is 
devoid of giant cells. The zone of repair is 
more compact in muscle than in subcu- 
taneous tissues and appears more com- 
pressed and cellular than in the subcu- 
taneous space. Careful removal of such 
implants often reveals a tiny amount of fluid 
within the pocket (S. C, Woodward, un- 
published observations). The interface be- 
tween the host and the foreign body is per- 
manent, and the cells and collagen participat- 
ing in it turn over extremely slowly after the 
interfacing response is established (S. C. 
Woodward, unpublished observations). 

Inert Implants with Irregular Surfaces 

Surface irregularities as small as 10-15 
fim result in the development of giant cells as 
the principal cellular interface between the 
host and nonreactive implant. The cytoplas- 
mic processes of the giant cells adapt to sur- 
face irregularities with fidelity, anchoring to 
the implant. No fluid-filled pocket develops 
(S. C. Woodward, unpublished observa- 
tions). The giant cells are surrounded by ir- 
regular, generally circumferentially oriented 
collagen and small blood vessels. The turn- 
over rate of cells and collagen after this re- 
sponse is established is very slow. 21 

Biodegradable Implants 

The response to biodegraded materials is 
controlled partly by the rate of degradation, 
but more significantly by the toxicity of the 
breakdown products. The corrosion prod- 
ucts of metallic implants usually are incorpo- 
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rated into macrophages or giant cells and in- 
cite little other response from the host. The 
breakdown products of chromic catgut su- 
tures evoke a moderately persistent inflam- 
matory response that diminishes as the su- 
ture degrades. Polyglycolic acid evokes 
much less of a response than catgut because 
it slowly disappears. 8 Surprisingly, some ma- 
terials, such as polyester and silk, generally 
thought of as nondegradable, appear to 
degrade slowly, but evoke little or no persis- 
tent inflammation. 8 

The reaction to a biodegradable material is 
controlled both by its surface and structure 
and by its degradation products. 20 Mul- 
tifilament silk sutures evoke an unusual re- 
sponse: the suture is "exploded," its fila- 
ments being separated by infiltrating mono- 
cytes and a few neutrophils. A wide zone of 
fibroblasts surrounds the suture. Catgut su- 
tures degrade similarly, except that neu- 
trophils persist at the site. Polyglycolic acid 
and polylactic-polyglycolic copolymer su- 
tures evoke a milder response than catgut, 
yet sites of their resorption appear active, 
with persistence of a mixed inflammatory re- 
sponse, as well as occasional giant cells and 
blood vessels. 8 

A still more reactive biodegradable materi- 
al is methyl 2-cyanoacrylate. The degrada- 
tion of this tissue adhesive is associated with 
a necrotizing acute inflammatory response 
persisting for months in which neutrophils 
predominate. The degradation of methyl 2- 
cyanoacrylate inhibits the development of 
collagen and thus retards repair. 9 

These examples illustrate how the local re- 
sponse is modified by the surface structure of 
the implant and its degradation products. 
The responses described are similar irre- 
spective of the site of implantation. 8 

Foreign-Body Oncogenesis in Rodents 

Long-term implants of nondegradable 
films or disks in rodents induce neoplasms 
peculiar to rats, mice, and hamsters. The fol- 
lowing are well-established facts concerning 
this process: 22,23 

1 . Any smooth surfaced nondegraded im- 
plant is capable of inducing fibrosarcomas at 
subcutaneous implantation sites in rats, 
mice, or hamsters. 

2. Induction requires subcutaneous place- 



ment for 4 months or longer, a smooth, non- 
perforated surface, and a film size of 0.5 cm 
or greater. 

3. The process of tumor induction is phys- 
ical or geometrical, not chemical, because a 
wide variety of materials, including noble 
metals, glass, and polymeric materials, all in- 
duce sarcoma formation. 

4. The neoplasms are pleomorphic fibro- 
sarcomas that appear to arise from transi- 
tional, round, pleomorphic cells within the 
capsule of the implant. 

5. Most foreign materials are not on- 
cogenic in man, asbestos fibers being a nota- 
ble exception. 

6. No convincing association between 
implants in man and local or distant neo- 
plasms have been identified, although sar- 
comas attending vascular grafts and mesh 
implants have been reported. Breast and hip 
prostheses have not been associated with 
neoplasms in man. 

Despite the dichotomy between primates 
and rodents regarding solid-state on- 
cogenesis, 6-month or longer implantation 
tests in rats, mice, and hamsters risk the ac- 
cidental induction of solid-state tumors; 
hence, nonrodent test species, such as rab- 
bits, should be employed to obviate the 
problem (for details see Chapter 17). 

It is especially important in testing a new 
chemical formulation to avoid inadvertent in- 
duction of solid-state tumors in rodents with 
it. With well-studied materials widely em- 
ployed as sutures or meshes in man, such as 
stainless steel and Teflon, the induction of 
neoplasms in rodents is ignored from a regu- 
latory viewpoint, yet a new chemical formu- 
lation causing the same result would proba- 
bly be subject to intense scrutiny. The sub- 
ject of foreign-body carcinogenesis in ro- 
dents as it relates to health risk in man has 
been reviewed by Brand 22 and Woodward. 23 



IMPLANT PROPERTIES AFFECTING 
TISSUE RESPONSE 

The variables that significantly influence 
the local histological response to an implant 
include surface characteristics, size, chemi- 
cal composition, and location of implanta- 
tion. Each of these requires careful control, 
especially when attempting to compare the 
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reactivity of an uninvestigated material 
under development with those already in 
use. 

Surface Characteristics 

Surface characteristics include both geo- 
metrical configuration and surface irregulari- 
ties. By comparing the responses to extruded 
1-mm diameter cylinders with those to pen- 
tagonal and triangular rods of the same sur- 
face area composed of various nonabsorba- 
ble polymers, including polyvinyl chloride, 
Salthouse and Matlaga showed that the 
circular configuration evoked a narrower 
zone of fibrosis than that seen surrounding 
the triangular or pentagonal implants, partic- 
ularly at the apices of their angulations. 18 
Furthermore, lysosomal enzyme activity, as 
measured by acid phosphatase content of the 



capsule surrounding a circular implant, at 14 
days was only half that found adjacent to a 
triangular implant. Thus, to control for geo- 
metrical effects, materials under develop- 
ment and being evaluated for histocompat- 
ibility should be implanted as cylinders. 

Furthermore, surface characteristics af- 
fect the response. Surface irregularities pro- 
mote the development of a foreign-body 
giant cell response as contrasted with the cir- 
cumferentially oriented collagen comprising 
the. wall of a fluid-filled pocket, which is the 
response to nonreactive, smooth-surfaced 
materials (Figure 30-3a, b, c,). The effects 
produced by surface irregularities were ex- 
amined by abrading Teflon rods and compar- 
ing the effects produced by abrasion on the 
histochemistry of the surrounding capsule. 
Salthouse and Matlaga 18 observed that the 
capsules surrounding abraded rods, as com- 




Figure 30-3 Encapsulating responses, (a) Tissue reaction to biodegradable copolymer suture at 2 weeks. 
Macrophages and giant cell adjacent to implant with fibroblasts and developing collagen fibers (red) at periphery, are 
stained yellow and nuclei black. Stained by Van Gieson picrofuchsin after Weigert's iron hematoxylin, x 55. (b) 
Foreign-body giant cells may contain several hundred nuclei, as well as attenuated cytoplasmic processes. This giant 
cell occupies a portion of the edge of a 4-month deposit of hexyl a-cyanoacrylate, a bland, nondegraded material of ir- 
regular contour. Hematoxylin and eosin. x 145; (c) Response to monofilament nylon suture at I week, 3 weeks, 3 
months, and 6 months in rabbit muscle. In this methacrylate-embedded preparation muscle stains yellow, collagen 
pink. The encapsulating collagen follows the contour of the suture. Inflammation is absent. Stain as in (a) x 230. 
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TABLE 30-1 

Effects of Structure on the Response to implants 



CONFIGURATION 



ULTIMATE RESPONSE 



Circular, smooth* 
Angular, smooth 

Rough, irregular 



Powders* 



Porous (polyvinyl 
alcohol sponge, 
porous ceramics) 



Circumferential fibroblasts and 
collagen, minimal response 
Collagen and oriented parallel 
to surface, chronic inflammation 
at angularities 

Foreign-body giant cell re- 
sponse, chronic inflammation, 
and persistent vascularization 
Foreign-body response with 
phagocytosis of powder by ma- 
crophages and giant cells; gran- 
ulomatous inflammation 
Infiltration of granulation tissue 
ultimately producing dense fi- 
brous entrapment 



*Lloth responses can be elicited by the same material, such as 
PTFE (Teflon), depending on the physical structure. 



pared with smooth-surfaced ones, showed 
persistently increased levels of acid phos- 
phatase (lysosomal activity), glucoses- 
phosphate dehydrogenase (glycolysis), and 
succinic dehydrogenase (oxidation-reduc- 
tion) for 90 days. These enzyme activities 
were localized to the increased populations 
of macrophages surrounding the abraded 
rods. Encapsulation was retarded by abra- 
sion. These results strongly suggest, as a 
standard condition, that a newly tested mate- 
rial have as smooth a surface as possible. 
Obviously many materials are fabricated as 
meshes, weaves, or other complex geome- 
tries, with varying degrees of surface ir- 
regularities. The effects of such fabrication 
can be identified, if the response to a stand- 
ard, smooth- surfaced cylinder has been de- 
termined. The effects of the physical struc- 
ture of the implant on the host response are 
summarized in Table 30- 1. 

Size of Implant 

Generally, small implants give more uni- 
form responses than larger ones, in part 
because they tend to migrate less and their 
movement is less traumatic to surrounding 
tissues than movement by a larger implant. If 
possible, nonabsorbable materials should be 
fabricated as cylinders 1-4 mm in diameter 
and 10 mm or less in length. Many such 
implants can be placed in the same animal 



and removed sequentially, if necessary. Flat 
coupons of metal measuring about 10 mm 
square and 1-2 mm thick are often employed 
to examine the reactivity and corrosion of 
the material. 

Chemical Composition 

In addition to the toxic effects of impu- 
rities present on the surface of the implant or 
plasticizers that may be leached from it, 
other chemical features related to biodegra- 
dation strongly affect the histological re- 
sponse to a degradable material. In general, 
active enzymatic breakdown of a biodegra- 
dable is associated with persistent inflamma- 
tion, such as the mononuclear response to 
degrading catgut 8 or the persistent, intense 
infiltrate of neutrophils attending the degra- 
dation of methyl 2-cyanoacrylate. 9 In addi- 
tion, biodegradable polymers tend to un- 
dergo loss of molecular weight with resultant 
change in physical characteristics, such as 
increasing brittleness resulting in fracturing 
and powder formation. This may result in a 
previously quiescent capsule being replaced 
by one of foreign-body response with phago- 
cytosis of the powder, as was observed in the 
ultimate degradation of poly(e-caprolac- 
tone). 24 The degree of reactivity of various 
materials is given in Table 30-2. This table 
also suggests suitable positive control s 
(highly reactive materials) and nonreactive, 
negative controls. 

Location of Implant 

The initial testing of polymeric material is 
usually carried out in the subcutaneous 
space or in the deep musculature. The re- 
sponse at these sites is similar and is general- 
ly predictive of responses elsewhere. Car- 
diovascular materials generally elicit the 
same local response in a vascular anastomot- 
ic site as within a muscle, although repair 
and organization is generally slower and 
more incomplete than in muscle, and throm- 
bogenic effects may slow the organizational 
response further. 25 Materials implanted in a 
parenchymal organ, such as the kidney, will 
elicit the same basic response as in subcu- 
taneous tissue and muscle. The inflammation 
and scarring around the implant will result in 
destruction of parenchymal elements and 
their replacement with connective tissue. 
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TABLE 30-2 

Reactions Produced by Implants 



implantation/site 



RESPONSE 



Nonreactive, nonabsorbable 6 

Monofilament nylon, PTFE (Teflon) 

or polypropylene sutures 

Silicone elastomers 30 
Nonreactive, biodegradable 31 

Polyglycolic acid and 

polyglycolic-polylactic 

copolymer monofilament sutures 
Intermediate 

Catgut sutures 6 

Stainless steel monofilament 

Strongly reactive, biodegradable 
Methyl 1 2-cyanoacrylate 9 

Resins containing organo- 
metallics, cadmium, or 
chromium 32 



Muscle or subcutaneous Narrow, fibrous capsule 



Subcutaneous 

Muscle or subcutaneous 



Muscle 
Muscle 

Subcutaneous, muscle 
Subcutaneous 



Fibrous capsule 
Minimal chronic inflam- 
mation, no capsule 



Persistent mononuclear 
and giant cell response 
Mononuclear response, 
first 2-4 weeks 

Persistent acute inflam- 
mation and necrosis 
Persistent acute inflam- 
mation 



SUGGESTIONS FOR EXPERIMENTAL 
DESIGN 

In examining a new chemical formulation, 
the following questions should be addressed: 

1. Is the material biodegradable? This 
question can usually be resolved by observa- 
tion for persistent acute inflammation at 2 
weeks or the persistence of numerous mac- 
rophages beyond 3-4 weeks at subcu- 
taneous or intramuscular implantation sites 
because persistent inflammation often ac- 
companies biodegradation. Thus, observa- 
tions at 1, 2, 4, and 8 weeks generally will 
suffice to detect early biodegradation or con- 
tinued reactivity, although observations for 
as long as 2 years may be required to detect 
slow breakdown, and physical measures of 
the integrity and weights of recovered im- 
plants, accompanied by studies of excretion 
on isotopically tagged polymers, ultimately 
may be required for resolution of the issue of 
biodegradation. 10 

2. If so, does the degradation process 
evoke an acute inflammatory response? Is 
the time sequence of the encapsulating re- 
sponse prolonged, suggesting continuing 
reactivity or biodegradation? Measurement 
of the zone of acute or chronic inflammation 
around an implant is of value in quantifying 
reactivity and comparing reactivity to that of 
a negative control; similarly, measuring the 



width of acid phosphatase reactivity can also 
serve this purpose. 18 Prolonged inflamma- 
tion, and slow development of a capsule 
suggests a toxic local response. Specific 
methods for this evaluation are given in 
paragraph 3, below. 

3. If the material does not degrade, is a 
smooth-surfaced cylinder encapsulated by a 
narrow zone of fibrous repair similar to that 
observed with an appropriate negative con- 
trol (see Table 30-2 for examples)? The fol- 
lowing plan is suggested for the evaluation: 

Various approaches have been suggested 
to increase objectivity and to evolve a scor- 
ing or rating system for the tissue response 
or reaction to implants. An earlier suggestion 
by Sewell et a/. 26 and later ones by Gour- 
lay, 27 Salthouse, 28 and Black 29 are useful in 
ranking the biocompatibility of samples. It is 
essential that samples to be compared are of 
identical shape and surface. 18 A selection of 
methods is given below, 

Sample Implantation 

Implantation in rat gluteal muscle or rabbit 
paravertebral muscle is suggested. Samples 
must be identical in shape and surface. For 
polymers 10-15 mm in length, 0.5 mm diam- 
eter can be implanted using a wide bore nee- 
dle and trochar. A low reactive control, such 
as polypropylene, should be included. 
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Implantation periods of 7, 21, 42, 90, and 
180 days will encompass both acute and 
chronic inflammatory responses. The 
number of samples and animals should be 
sufficient for statistical requirements. Ade- 
quate controls should be included. Implanta- 
tion under aseptic conditions is essential. 
Histological cross sections by either the par- 
affin or methacrylate procedures should be 
prepared and stained by hematoxylin and 
eosin (see Chapter 29). 



RATING SYSTEM FOR 0.5 MM DIAMETER 
SAMPLES 

Samples with greater or lesser diameters 
than 0.5 mm require modification. 



Grades for Reaction Thickness 



Grade I 


0-50 fim zone diameter 


2 


50-100 /xm zone diameter 


3 


100-500 pin zone diameter 


4 


500-1000 zone diameter 


5 


1000-2000 fim zone diameter 



Cellular Response Grade 

Grade 0 to 5 depending on concentration 
of cells in reaction zone area (cell density). 

Weighting Factors 

These can be assigned based on the reac- 
tion zone characteristics, for example, see 
tabulation below. 



Reaction zone size 


5 


Cell density 


3 


Cell type: Neutrophils 


5 


Giant cells 


2 


Macrophages 


1 


Fibroblasts 


I 


Lymphocytes 


1 


To continue the example, the final 


rating 


might be as follows: 




Reaction zone grade 3 x factor 5 


15 


Cellular response grade 2 x factor 3 


6 


Cell types Neutrophils 5 x factor 5 


25 


Macrophages 1 x factor 5 


5 


Rating: 


51 



Such a numerical rating can be arbitrarily 
expressed as follows: 



No reaction 


0 


Minimal 


1-10 


Slight 


1 1-25 


Moderate 


26-40 


Marked 


41-60 


Extreme 


60 + 



Such a system can be modified in several 
ways to suit the other sizes and types of 
implants or requirements. 

The diameter and area of tissue reaction 
zones can be measured by either point count- 
ing eyepiece or by image analysis systems 
(Chapter 33). 

Simple Numerical Quantitation of the 
Cellular Response 

Usually with the higher cellular response 
around an implant, it can be assumed the 
greater the histotoxicity of the implant mate- 
rial. If sections are treated by a stain having 
approximately stoichiometric staining for in- 
flammatory cells, the cell population, both in 
area and concentration, can be measured 
photometrically for concentration and by 
image analysis for area size. A gallocyanin 
nuclear stain is suggested for this applica- 
tion. 28 



STAIN 


Gallocyanin 


■ 3 gm 


Chrome Alum CrK(S0 4 ) 2 - 1 2H,0 


10.0 gm 


Distilled water 


200 ml 



Dissolve and boil 15 min, cool, filter, and 
store in refrigerator. Stain sections (of equiv- 
alent thickness) at room temperature for 12 
hr. Rinse in distilled water for 30 sec, 
dehydrate in two changes of ethanol, clear in 
xylene, and mount. Sections can be used for 
photometric or image analysis as described 
in Chapter 33. 

It will be apparent to the reader that the 
above, rather simple, approaches to quantita- 
tion and objectivity in histological evaluation 
can be modified to yield more sophisticated 
data by computer programming. In addition, 
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they are applicable to biodegradable as well 
as less reactive materials. 

4. Does the material inhibit collagen elab- 
oration? The elaboration of collagen is fun- 
damental to effective wound repair, and dur- 
ing the early phases of this process, increas- 
ing tensile strength parallels increasing col- 
lagen content of the wound. 20 The inhibition 
of collagen elaboration can be quantitated by 
incorporating a powder of a biomaterial into 
polyvinyl alcohol-formal sponges that are 
then placed subcutaneously in the rat, re- 
moved at 7 and 14 days, and compared with 
controls with respect to wet weight (inflam- 
mation), dry weight (connective tissue con- 
tent), and hydroxyproline content, an iden- 
tifying imimo acid of collagen. 20 Histological 
sections of sponges can be examined for 
their degree of persistent inflammation and 
organization (as defined previously). Utiliz- 
ing this procedure, the author has quantified 
the histotoxicity of several microscopically 
inflammatory cyanacrylates, 9 by measuring 
their local inhibition of the accumulation of 
hydroxyproline. Furthermore, polyglycolic 
acid (Figure 30-4) and poly(e-caprolac- 
tone) 24 powders do not inhibit collagen elab- 
oration by this test and are noninflammatory. 
Other biochemical measures of collagen 
elaboration, such as the accumulation of 
prolylhydroxylase, or of the presence of 
macrophage enzymes, such as acid phospha- 



tase, can be obtained also from sponge 
implants as illustrated in Figure 30-4. These 
quantitative measures of inflammation and 
repair often provide more sensitive indica- 
tors of reactivity than does light microscopy, 
in which the evaluation of the density and 
amount of collagen is at best only semiquan- 
titative. 



LIMITATIONS OF LIGHT MICROSCOPY 

Although light microscopy is the most 
commonly employed method to evaluate 
host-biomaterial interactions, it has several 
significant limitations that should be recog- 
nized: 

1. The estimation of collagen production 
at an implant site is at best semiquantitative; 
additional chemical determinations are 
required for quantification. 

2. Intracellular sites of degradation can- 
not be visualized when particles undergoing 
degradation are less than 2-4 fim in diame- 
ter; electron microscopy is required for this 
determination. 24 

3. Routine hematoxylin-eosin stains do 
not allow for quantitative analysis of the 
chronic inflammatory response adjacent to 
an implant; they should usually be accom- 
panied by acid phosphatase and other en- 
zyme histochemical techniques. 
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Figure 30-4 Biochemical measures of inflammation and repair, (a) The time relationships of the resolution of the in- 
flammatory response and the subsequent elaboration of collagen, the most significant aspect of repair, can be moni- 
tored in polyvinyl alcohol-formal sponge implants. Proline hydroxylase measures cellular mobilization for collagen 
formation, hydroxyproline content is a measure of collagen content, and acid phosphatase content reflects continuing 
accumulation and degranulation of macrophages; (b) Polyglycolic acid powder incorporated into sponges evokes 
minimal inflammation. Collagen formation is not inhibited by it as measured by proline hydroxylase or hydroxylase 
content. Acid phosphatase concentration, reflecting macrophage activity, is only marginally increased at 7-10 days. 
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4. A false impression that bioabsorption is 
occurring can result from dissolution of a 
polymeric material in the solvents used in 
preparing histological sections. A clue to this 
would be an organizational response sur- 
rounding an empty space. Observing this, the 
solubility of the biomaterial in tissue- 
processing solutions should be assessed. 
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Gore-Tex (W. L. Gore and Associates, Inc., Flagstaff, AZ) surgical membrane (SM), a 
nonreactive expanded polytetrafluoroethylene (PTFE), was used in 24 mature New Zea- 
land rabbits (2200 to 3000 gm) to cover 2-cm 2 ischemic defects in the pelvic sidewall 
peritoneum to reduce adhesion formation in a rabbit pelvic sidewall/uterine horn injury 
model. SM was randomly assigned to cover one defect; the opposite defect remained 
uncovered, each animal serving as its own control. Rabbits were sacrificed 3 weeks later, 
and adhesions between uterine horn and pelvic sidewall or SM were scored for extent (0 to 
4), type (0 to 4), and tenacity (0 to 3). Injury sites were removed en bloc for histologic 
study. The mean (± standard deviation [SD]) adhesion score for SM-covered lesions (4.3 
± 1.8) was significantly lower than for controls (9.1 ± 2.5) (P < 0.001; Wilcoxon Signed 
Rank test). By histology, none of 24 SM-covered lesions demonstrated adhesions to the 
membrane itself, whereas 19 of the 24 control lesions showed dense adhesions to the injury 
site (P < 0.001; chi-square test). By both gross and microscopic assessment, SM was 
nonadherent to the underlying sidewall defect in 100% of cases. In conclusion, Gore-Tex 
surgical membrane is an effective barrier for reducing primary adhesions in this pelvic 
injury model and offers promise for adhesion reduction in human pelvic surgery. Fertil 
Steril 49:1066, 1988 



Peritoneal injury provides a nidus for adhesion 
formation. In the human, defects in the normal 
pelvic peritoneum frequently result from surgery 
for endometriosis or from lysis of pre-existing ad- 
hesions, particularly between the ovary and the 
pelvic sidewall. Adhesions commonly occur be- 
tween the injured pelvic sidewall and adjacent 
ovary, tube, or bowel. 1 " 5 A variety of techniques has 
been employed to close or cover peritoneal defects 
or otherwise reduce adhesions but none are entirely 
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successful Large peritoneal injuries are particu- 
larly difficult to manage. Peritoneal closure under 
tension is associated with tissue ischemia and ne- 
crosis, which may stimulate rather than prevent 
adhesion formation. 6-8 Free grafts of peritoneum or 
omentum have been used, but these grafts also be- 
come ischemic and have not proved to be an effec- 
tive barrier to adhesion formation. 

An artificial membrane that could act as a bar- 
rier between injury sites without itself provoking 
adhesions might be more effective than free grafts 
since such a membrane would not be subject to 
necrosis and could be tailored to cover a variety of 
injury sites. Gore-Tex (W. L. Gore & Associates, 
Inc., Flagstaff, AZ) surgical membrane (SM) is 
manufactured as a thin sheet of expanded polytet- 
rafluoroethylene (PTFE) and has been used suc- 
cessfully as a pericardial membrane substitute for 
more than 10 years. 9 In contrast to Gore-Tex vas- 
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Figure 1 (a-f) Schematic of the rabbit pelvic sidewall/uterine horn injury model. 



cular graft and Gore-Tex cardiovascular patch, 
which are designed to encourage cellular penetra- 
tion and tissue adhesion, surgical membrane has an 
extremely small pore size, which discourages tissue 
attachment. These characteristics make surgical 
membrane a potentially useful barrier for reducing 
adhesions in reproductive surgery. 

The purpose of this study is to evaluate the use- 
fulness of SM as a barrier to reduce primary adhe- 
sions in a rabbit pelvic injury model. 

MATERIALS AND METHODS 

Twenty-four sexually mature female New Zea- 
land rabbits weighing between 2200 and 3000 gm 
were operated through a midline lower abdominal 
incision in a sterile field under Rompum-ketamine 
anesthesia. Rabbits were Q-fever free and were 
maintained on rabbit chow and water ad libitum. 
Figure 1 outlines the surgical model. Each animal 
served as its own control. Identical 2 X 2 cm perito- 
neal defects were created on the left and right pel- 
vic sidewalls by sharply excising a peritoneal patch. 
Underlying muscle was systematically cauterized 



by bipolar microcautery forceps applied equally to 
the left and right defects to ensure an ischemic 
injury. The distal 2 cm of each uterine horn was 
abraded with an equal number of scrapes from a 
scalpel blade, producing punctate bleeding. After 
all lesions had been completed, surgical membrane 
was randomly assigned to cover either the left or 
right sidewall defect. A square of surgical mem- 
brane was tailored to completely cover the defect, 
overlapping its edges by 2 to 4 mm, and was tacked 
in place at each corner with a single suture of 8-0 
Ethilon (Ethicon, Somerville, NJ), The control le- 
sion remained uncovered, but 8-0 Ethilon sutures 
were placed at the four corners to match the oppo- 
site side. To encourage adhesion formation, the ip- 
silateral uterine horn was suspended across the 
sidewall defect and was held by an 8-0 Ethilon su- 
ture placed 3 to 5 mm on either side of the injury 
site. The abdominal incision was closed by approx- 
imating the musculoperitoneal and cutaneous 
layers with continuous 3-0 Dexon sutures (Davis 
and Geek, Pearl River, NY). Postoperatively, all 
rabbits received penicillin 300,000 units intramus- 
cularly every day for 3 days. 
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Table 1 Criteria for Scoring Adhesions 



Description Score 



Extent No sidewall involvement 0 

^25% sidewall involvement 1 

<50% sidewall involvement 2 

^75% sidewall involvement 3 

>75% sidewall involvement 4 

Type None 0 

Filmy, transparent, 1 
avascular 

Opaque, translucent, 2 
avascular 

Opaque, capillaries present 3 

Opaque, larger vessels 4 
present 

Tenacity None 0 

Adhesions essentially fell 1 
apart 

Adhesions lysed with 2 
traction 

Adhesions require sharp 3 
dissection 

Maximum total score = 11 



Three weeks after initial surgery, all animals 
were reoperated to assess adhesion formation. Ad- 
hesions were scored for extent, type, and tenacity, 
as outlined in Table 1. Total scores ranged from 0 
to 11. Animals were sacrificed by pentobarbital 
overdose, and sidewall injury sites and ipsilateral 
uterine horns were removed en bloc and fixed in 
10% neutral buffered formalin for histologic study. 
Thin sections were stained with hematoxylin and 
eosin (H&E), Milligan's trichrome, and fibrin 
stains. 

Statistical analysis was performed by chi -square 
and Wilcoxon Signed Rank tests. A P value < 0.05 
was accepted as statistically significant. All data 
are expressed as mean ± standard deviation (SD). 

RESULTS 

Table 2 lists adhesion scores (mean ± SD) for 
control and Gore-Tex (SM) covered lesions. The 



mean scores for extent, type, and tenacity of adhe- 
sions were each significantly lower for Gore-Tex 
covered lesions (P < 0,001; Wilcoxon Signed Rank 
test). The total adhesion score for Gore-Tex cov- 
ered lesions (4.3 ± 1.8) was also significantly lower 
than the total score for controls (9.1 ± 2.5) (P 
< 0.001). 

Table 2 also compares total adhesion scores with 
histologic findings for control and Gore-Tex cov- 
ered lesions. Light microscopy was used to distin- 
guish true adhesions either to the uncovered side- 
wall defect or to SM from apparent adhesions that 
were in fact to suture sites. At histology, 19 of the 
24 control lesions were confirmed to have dense 
adhesions between the ipsilateral uterine horn and 
the sidewall defect. None of 24 Gore-Tex covered 
lesions showed adhesions to the surgical membrane 
itself. Rather, the adhesions on the SM side were to 
suture sites or to parts of the sidewall defect that 
had not been effectively protected because the sur- 
gical membrane, tacked only at the four corners, 
buckled between sutures and allowed adhesions 
access to small areas of the lesion. All SM patches 
were nonadherent to the underlying sidewall defect 
by both gross and microscopic assessment. The de- 
fect itself on the Gore-Tex protected side appeared 
grossly to have reperitonealized, and this impres- 
sion was confirmed histologically. 

DISCUSSION 

The role of peritoneal injury in the genesis of 
adhesions remains controversial. In animal models, 
clean, nonischemic peritoneal defects heal rapidly 
by re-epithelialization without adhesions. 10 While 
closure of such lesions in human reproductive sur- 
gery has been advocated by some, 11 these clean de- 
fects are probably better left alone, and heroic 
measures like mechanical barriers to cover these 
lesions are probably not warranted. On the other 
hand, abraded, ischemic peritoneal surfaces clearly 
lead to adhesions, 12 " 14 particularly when injury 



Table 2 Adhesion Scores for Extent, Type, and Tenacity of Adhesions, Total Adhesion Score, and Histologic Findings 
in 24 Rabbits: Control Versus Gore-Tex Covered Pelvic Lesions 



Histology 

Adhesion score (mean ± SD) ~ 

No 

Extent Type Tenacity Total adhesions Adhesions 



Control 3.4 ± 1.0 3.0 ± 0.9 2.8 ± 0.7 9.1 ± 2.5 5 19 

Gore-Tex 1.5 ± 0.7 1.4 ± 0.9 1.4 ± 0.6 4.3 ± 1.8 24 0 

P <0.001° <0.001° <0.001° <0.001° <0.001 6 



° Wilcoxon Signed Rank test. 
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sites are adjacent. The anatomic relationship be- 
tween pelvic sidewall and adnexal structures pre- 
disposes to adhesion formation because the infun- 
dibulopelvic and utero-ovarian ligaments suspend 
the tube and ovary across the pelvic sidewall. Inju- 
ries in these areas may particularly benefit from 
mechanical separation. 

Many approaches to mechanical separation of 
pelvic peritoneal surfaces have been described. 15 ' 17 
The barrier approach is an old one and has gener- 
ally been ineffective because barriers have been ei- 
ther free grafts that become ischemic and promote 
rather than reduce adhesions or synthetic mate- 
rials that defeat their purpose by inducing a foreign 
body reaction. PTFE, however, is widely recognized 
as being inert. It is not absorbed or otherwise af- 
fected by the action of tissue enzymes. PTFE has 
been used extensively in humans in many forms, 
from vascular grafts and artificial ligaments to su- 
ture material and thin sheets of surgical mem- 
brane. Those products differ primarily in their 
physical characteristics. The widest experience 
comes from the cardiovascular literature, where 
PTFE has been found to be nonreactive, nontoxic, 
and antithrombogenic. 18 " 21 While the vascular graft 
is manufactured with a relatively large pore size to 
encourage tissue attachment and the infiltration of 
fibrin into its microstructure, SM has an average 
pore size ^ 1 micron, minimizing cellular penetra- 
tion and tissue attachment. Gore-Tex surgical 
membrane, examined as long as 7 years after place- 
ment as a pericardial patch, has been found to in- 
duce minimal adhesion formation to either pleural 
or epicardial surfaces and no foreign body re- 
sponse. 9 SM has also been used experimentally in 
the rat model to control intra-abdominal adhe- 
sions, 22 where it was found to be inert, free of ad- 
hesions, and without infectious complications even 
when used in contaminated surgical cases. The 
present study suggests that SM might also prove 
useful in human reproductive surgery, where it 
could either be left in situ or removed through the 
laparoscope at second-look surgery. 

The rabbit pelvic sidewall/uterine horn model 
used in this study was purposefully contrived to 
reproducibly generate adhesions at a high rate in 
the control lesion. At the same time, it simulates 
the anatomic relationship that exists between pel- 
vic sidewall and adnexae in the human, where 
tube-ovary-side wall are held in proximity by liga- 
mentous attachments. Previous work 23 with var- 
ious pelvic injuries in the rabbit demonstrated the 
necessity for approximating injury sites and the 



mean adhesion score for the control lesion in the 
current study (9.1 ± 2.5) is very similar to that 
reported previously for this model (9.0 ± 1.0). Since 
completion of this study, Goldberg et al. 24 have re- 
ported higher adhesion scores for Gore-Tex cov- 
ered rabbit uterine lesions and concluded that SM 
was not an effective adjuvant for postoperative ad- 
hesion prophylaxis. Their study further illustrates 
the importance of surgical design because their 
control lesions generated adhesions at a very low 
rate, and the Gore-Tex and control lesions were not 
comparable. SM was held in place with multiple 
sutures, but no sutures were placed around the 
control defect, compromising their model. 

Adhesion scoring is a subjective process, and the 
ideal experiment would include blinding. Because 
the Gore-Tex surgical membrane is clearly visible, 
blinding was not possible in this study, but the 
magnitude of the difference between control and 
Gore-Tex covered lesions and verification of adhe- 
sions histologically makes observer bias an unlikely 
source of error. 

In conclusion, the rabbit pelvic sidewall/uterine 
horn model consistently promotes primary adhe- 
sion formation in the control lesion. The interposi- 
tion of a thin sheet of expanded PTFE (Gore-Tex 
surgical membrane) significantly reduced the mean 
adhesion score. The low rate of adhesion formation 
to the SM-covered lesion was confirmed by histo- 
logic examination of the injury sites. GoTe-Tex 
surgical membrane may have a role as an adjuvant 
in reproductive surgery. Its efficacy in humans re- 
mains to be studied. 
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Modern trends 

C. Ruegsegger Veit and Gender preselection: facts and myths 937 

R. JewelewiCZ The desire to control the sex of one's offspring is as old as recorded history. 

Renewed interest in gender preselection is influenced by economic, cultural 
New York, New York an & personal factors. The various methods and consequences of sex 

preselection are reviewed. 



Editor's corner 

S. J. Ory Pulsatile luteinizing hormone-releasing hormone therapy 941 

in women with polycystic ovarian syndrome 

Rochester, Minnesota Ovulation induction with pulsatile LH-RH therapy has been much less 

successful in achieving conceptions in women with polycystic ovarian disease 
than with hypothalamic amenorrhea. 



Special contribution 



The American Fertility The American Fertility Society classifications of adnexal 944 

Society adhesions, distal tubal occlusion, tubal occlusion 

secondary to tubal ligation, tubal pregnancies, Mullerian 
Birmingham, Alabama anomalies and intrauterine adhesions 
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A. Eshel, N. A. Abdulwahid, 
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and H. S. Jacobs 
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lahteenmaki 
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Pulsatile luteinizing hormone-releasing hormone 956 
therapy in women with polycystic ovary syndrome 

Pulsatile LH-RH therapy was administered to 48 infertile patients with 
ultrasound diagnosed polycystic ovary syndrome. The cumulative conception 
rate was 60% at 6 months. Failure to induce ovulation was related to obesity 
and hyperandrogenisation. 

Inhibition of folliculogenesis and ovulation by the 961 
antiprogesterone RU 486 

The treatment with antiprogesterone RU 486 over 2 or 3 first weeks of the 
menstrual cycle delayed bleeding by 8.7 or 12.6 days. The treatment with 25 
mg daily was well tolerated. 



Gonadal steroids modulate human monocyte interleukin- 964 
1 (IL-1) activity 

Interleukin- 1 secretion by human peripheral monocytes is inhibited by high 
physiologic concentrations of progesterone and estradiol. 



